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Abstract: The problem of covering the area by circles, mathematical model of the coating offers a new coverage criteria based on which analytically describes the range of permissible solutions of the problem. Based on the analysis of the properties of the model, it is shown that the solution of the problem can be reduced to the solution of problems of nonlinear programming sequence.
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INTRODUCTION
In various industries of the economy there are problems associated with the processing and transformation of geometric information. These problems are referred to a class of optimization geometric design problems [1], which solution as well as the development of their methods is important. This class of problems include the problem of optimal material cutting (both regular and irregular), the problems of building the optimal ways and linking networks, coverage, partition, some scheduling problems, and others. [1 - 7].

THE ANALYSIS OF RECENT RESEARCHES AND PUBLICATIOS
An important class of geometric design problems are problems of irregular covering the field by geometric objects [8], as well as regular [8 – 12]. In the problems of covering it is set up a claim that all points of the field were covered by geometric objects, while the conditions of non-intersection of objects between themselves and their placement in the field may be violated. Results and detailed reviews on given researches are in [13 – 15]. The problems of single covering a limited area by N-circles (such as in a Euclidean metric, and in some other metrics) is also known as the problem of N-centers. For the problem of N-centers in different metrics it is offered a variety of heuristics and algorithms using Voronoy’s regions [16]. Problems of coverage are models of many practical problems. In [17] it is set and solved the problem of interaction between militarized security subdivisions of the railroad and fire-rescue units, which is reduced to covering the area by the circles of different radii. In [18] it is set the problem of the placement optimization for observation points, which arises when designing ground video monitoring systems. The problem is reduced to the problem of covering the area by the circles of variable radii, the value of which depends on the class of fire danger of covered area and its relief. Thus, the important practical problems require to develop the methods of covering the fields by circles of variable radius.

In our article, we propose an approach to obtaining a local extremum of covering problem.

OBJECTIVES
The purpose the article is to build a mathematical model to optimize the placement of variable radius circle and on its basis - the development of methods of solution.

THE MAIN RESULTS OF THE RESEARCH
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Note 1. In this study, we consider only such coverings, which met the following conditions 
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Problem of circular coverage of polygon. The start point – vector 
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Figure 1. a) and b) – the relative position of the point and the circle  satisfies the condition 1; c) - the relative position of the point and the circle does not satisfy the condition 1.
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Figure 2. a) and b) - the relative position of the point and the circle satisfies condition 2; c) - the relative position of the point and the circle does not satisfy condition 2
The problem of covering polygon by circles. Mathematical model of the problem of circular coverage can be represented as follows:
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As a criterion of covering for a fixed 
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 can be used phi-function method[14]:


[image: image31.wmf]'

'

()0

P

uP

Ф

X

X=ÆÛ³

I

,

where 
[image: image32.wmf]'

P

Ф

X

 – phi-function of objects 
[image: image33.wmf])

(

'

u

X

  and 
[image: image34.wmf]P

   [19].

Since the description of admitted region of the form (2) in an analytical form is extremely difficult theoretical problem and requires significant computational cost, in this study we propose the coverage criteria based on the following statement.
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We say that the relative position of the intersection point 
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Note that if 
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Statement. In order 
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Figure 3. Three types of the relative position of the vertex of the field and the circle, which satisfy the first item.
2) for any point 
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Figure 4. Two types of relative position of the intersection point of the circle with the field and the circle for the item 2).
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Figure 5. Two types of relative position of the intersection point of circles and the circle for the item 3).
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Figure 6. Two types of relative position of the intersection point of circles and the circles for the item 4).

Note 2. Further when forming  set of constraints for the problem to item 4, we do not take into account two circles for which both points 
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Note 3. It is assumed that for item 4 the points 
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Items 1 – 4 can be rewritten in the equivalent form

1) 
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On the figure 7 there is an example of a polygon coverage by the set of circles with the points of type 
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Figure 7.  Example of coverage by circles with system of auxiliary points.

With this in mind, the inequalities describing the admitted region of the problem based on the information about the start point can be written as:
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Thus, the mathematical model of the problem coverage area can be formulated as a problem of local optimization 
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 – the coordinates of auxiliary points that are used to formalize the terms of covering.

Search of local optimal solution is performed using nonlinear of package of open source IPOPT. It should be noted that at the last iteration of the algorithm point of local extremum in the subregion is the points of local extremum of the initial problem.

Given a starting point - a vector 
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It is necessary to define a vector 
[image: image180.wmf]*******

111

(,,,..., ,,)

NNN

uxyrxyr

=

, in which 
[image: image181.wmf]()

Fu

 is a covering 
[image: image182.wmf]P

, and the radii of the circles have reached the minimum value (at zero - the circle is removed). On fig.8b is an example of problem solving.
CONCLUSIONS
 The constructed model of covering the polygon by the circles of variable radii and a method for obtaining local extremum is basic for a wide range of practical problems, in particular for the problem of locating points of video surveillance, which arises when designing  ground video monitoring systems, as well as automatic fire protection systems [20 – 21].
.
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Figure 8. Covering of polygon by circles 

a)the initial covering of area; b) optimization result  
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